Sample preparation
Gold Octahedrons: Gold octahedrons were prepared by seeded growth from single crystal AuNRs (58 nm long). The growth solution was prepared mixing 50 mL BDAC (10 mM) with 500 μL HAuCl 4 (0.05 M) and 221 μL butenoic acid was added to reduce the Au +3 to Au + . The solution was kept at 30 ºC until the yellow color disappeared (20 min) and then 825 μL of washed AuNRs was added as seeds, the beaker was stored at 30 ºC for 2h. Gold octahedrons were washed by centrifugation (3500 rpm, 20 min), the supernatant was discarded and the precipitate redispersed in a solution of BDAC 10 mM. gold octahedra used as seeds, with an average side length of ca. 60 nm.
Silver overgrowth: Silver coating was carried out following a modification of the procedure previously reported by Vaia and co-workers. 36 Regardless of the morphology of the gold nanoparticles used as seeds, a growth solution (5 mL) was prepared containing 10 mM BDAC, 1 mM AgNO3, 4 mM ascorbic acid and 0.25 mM Au0 (as the corresponding gold nanoparticles). After the last addition, the temperature was increased up to 60-65 ºC and maintained for 3 hours. Finally, the obtained solution was centrifuged (6000 rpm 20 min) and redispersed in water. TEM images suggest that the coated particles present a square cross section, with an average side length of 70 nm
Unprocessed EELS data for Ag nanocubes and Au@Ag nanocubes
Supplementary Figure 1: This figure reveals the experimental spectra of Figure 1 prior and after background subtraction of the zero loss peak. Due to the background subtraction, the lowest energy mode of the Au@Ag nanocubes shifts significantly due to the rapidly decaying background.
EELS fitting
In order to determine the origin of the two shoulders present in the spectra of the isolated Au@Ag nanocubes, the acquired spectra are fitted using Lorentzian curves. The result is presented in Supplementary Figure 2 , where it can be seen that each spectrum consists of 3 Lorentzian curves that are located at the indicated energy losses.
Supplementary Figure 2 : EELS spectra (blue) acquired at two different positions as indicated in the insets and a model fit (red) to a power law background and three Lorentzians at 1.95 eV, 3.05 eV and 3.45 eV. These fits show that a simple linear combination of three excitation modes can fully describe the experiment.
